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INTRODUCTION 
According to the 1964 census the production and sale of livestock 
provided a major source of income in the state of Utah . Twenty-three 
of the state's twenty-nine counties received more than 40 percent of their 
total farming income from livestock sales in 1959. According to Taylor 
(1965) this is expected to increase even more. In studying the economic 
sources within Utah, it becomes evident that many of the state's farmers 
and ranchers depend heavily on the sale of livestock for their livelihood. 
Upon observing this fact, Taylor ( 1965) states that farm fncome will 
depend just as heavily on the sale of livestock as in the past . He suggests 
one reason for this increase is because beef cattle have been replacing 
dairy herds and sheep since 1945. For example, between 1962-64 dairy 
cattle decreased by 38, 000 head. 
The chief agricultural export items in Utah are beef and lamb in 
carcass form. The meat packing plants process 250 million pounds of red 
meat annually. Of this 250 million pounds, 209 million pounds are consumed 
in Utah and about 41 million pounds are exported to other states. 
In recent years much study and research have been done on tenderness 
of beef. The quality and consumption of less tender cuts of beef, which are 
also less expensive, would be increased if a method of cooking could be 
used to attain this tenderness. Hiner (1955) points out that "tenderness in 
beef is a function of many int rrelated factors namely: breeding, f ding , 
management , age, period of aging of raw meat, presence of collagenous 
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and elastic fibers , the method of cooking the m .a.t and probably many others . " 
Recent studies have shown that low te mperature cooking increases 
the tenderness of beef. Cover (1937 and 1943) reports that roasts cooked 
at 176 F were "very tender" but dry as compared with those roasted at 
257 F. She explains that the " tenderness is due to the longer cooking 
time rath r than the oven temp erature." 
This may be true with quantity roasts but more work needs to be 
done on dry - roasting household roasts at low oven temperatures as com -
pared with roasting at the standard oven temperature which is from 300 
to 325 F. Nielsen and Hall's (1965) study shows that blade roasts were 
more tender roasted at 225 F than at 325 F and were equally as tender 
as those braised . Many housevi'ives no longer have time to roast a piece 
of meat for two or three hours just before dinner. If they could put the 
meat in the oven at a lower temperature before leaving for work in the 
morning and take it out in time for dinner at night; having a comparable 
roast in tenderness, juiciness, and flavor; their cooking problem would 
be somewhat simplified. 
The Animal Science Department of Utah State University has 
been experimenting with breeding Hereford and Hereford- Short horn 
crosses. One phase of their experiment is concerned with tenderness. 
The Food and Nutrition Department agreed to conduct tests for tenderness, 
juiciness, and flavor and acceptability on standing rib roasts cooked at 
325 F. Through the courtesy of the Animal Science Department adjacent 
standing rib roasts and adjacent paired chuck roasts were furnished and 
were dry-roasted at 225 F and 325 F. This was done to compare tender 
and less tender cuts of beef roasted at the two different oven temperatures. 
The purpose of this study was to determine the effect of genetic 
background, oven temperature, and dry - roasting of less tender cuts upon 
tenderness, juiciness, flavor and acceptability and cooking losses of tender 
and less tender cuts of beef. 
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REVIEW OF LITERATURE 
Methods of cooking less tender cuts of beef 
Griswold (1962) states that until recently it has been generally 
accepted that tender cuts of meat are cooked by dry heat and less tender 
cuts by moist heat. The less tender cuts contain larger amounts of 
collagen, thus it was believed that moist heat was necessary to soften 
collagen and convert it into gelatin. Studies have indicated that less 
tender cuts of meat dry - roasted at a low temperature are as tender 
as braised meat. Nielson and Hall (1965) found that there was no 
significant difference between the blade roasts cooked at 225 F and those 
braised. The blades roasted at 325 F were significantly less tender than 
either those braised or roasted at 225 F. Cover (1941) found that the 
meat roasted at 90 C was more tender than the paired roast simmered 
at 90 C. Hood (1960) found that beef shoulder cuts dry-roasted at 300 
F were more tender than the paired cuts cooked by moist heat. 
In a compilation of studies from colleges and universities, 
Dawson (1959) concluded after comparing dry and moist heat methods, 
that meat is more tender when cooked by dry heat. 
Hood (1960) indicated that the meat roasted at 300 F was more 
juicy, had a better flavor and the cooking losses were less than for the paired 
cuts which were braised . Nielson and Hall's (1965) findings support 
Hood's (1960) results. 
Griswold ( 1962) points out that mor e r esearch is needed to 
study the effects of moist and dry hea t cook ery on muscle fibers and 
the effects of braising to different internal temperatures on tenderness . 
But it is further stated that indi · idual taste and convenience must also 
be considered. 
Factors affecting tenderness of beef 
Many researchers have considered the possibility that br eeding 
influences tenderness . In Palmer's (1962) study on effect of breeding 
on 538 cattle, it was found that the Angus , Hereford and Shorthorn 
progeny were significantly more tender than the Brahman and Brahman 
X Shorthorn crosses ~. Burns, Koger, and Kincaid (1958) found that 
beef from Brahman steers was less tender than other breeds while cross -
breeding Brahman increased the tenderness . 
Palmer (1962) tested five different levels of Brahman breeding 
to determine its effect on tenderness . The five different levels of Brah -
man breeding by percentages averaged more than 75 , 75, 50, 25 and less 
than 25. The panel rated the first three groups (50 percent Brahman and 
above) significantly less tender than the groups with 25 percent or less. 
Shear force values showed groups one and two significantly less tender than 
group five (less than 25 per ce nt) . 
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In studying the percent of tenderness due to Brahman breeding, 
Alsmeyer and Palmer (1963) reported that 12 percent of the tenderness 
variability was due to Brahman breeding and 5 percent was due to animal 
age. 
It is generally held that the older the animal the less tender it 
will be (Walter et al., 1963; Dunsing, 1959; Hiner and Fellers, 1959; 
Hiner and Hankins, 1950; and Webb, Kahlenberg, and Naumann, 1964). 
Simone, Carroll, and Chichester : (1959) found this true in their study 
on 18- and 30-month old steers. Tuma et al. ( 1962) in observing Here-
ford steers ·and · heifers~ 18, 42---and90-months of age ·also found that 
tenderness decreased with age. The greatest differences in tenderness 
were observed between the 18- and 42-month old animals. 
An exception to this is Lowe and Kastelic's (1961) study on 
beef of varying ages (5-6, 6, 17, 18, 19, and 42-48 months) in which 
they found that the less tender cuts come from the 18-month old animal. 
In explanation they referred to Brady (1937) and Strandine, Koonz, and 
Ramsbottom's (1949) studies which showed that the diameter of the fibers 
in the muscles increases as the tenderness decreases. 
Carcass grade is another factor which researchers have con-
sidered in studying tenderness. Grade is based on quality, conformation, 
·' 
and finish of the carcass. Cover, King, and Butler ( 1958), · McBee and 
Naumann (1959) found a definite correlation between choice and utility 
grades and tenderness, that is, the lower the grade, the lower the 
tenderness. Simone, Carroll, and Clegg (1958), Lowe et al. (1952), 
and Husaina et al. (1950) also found significant differences between grade 
and tenderness. 
In contradiction to this Lowe and Kastelic (1961) found that 
grade and tenderness were not closely correlated . Also studies by 
Dunsing (1959), Aldrich and Lowe (1954), and Hood (1960) showed the 
same results. Cover, King, and Butler (1958) found that grade is not an 
indication of sure tenderness . No significant differences in tenderness 
were found in six grades from 203 carcasses. Tenderness scores in 
some of the lower grades were as high as some in the higher grades . 
Many studies have been done on low temperature versus moderate 
and high temperature roasting and the effect of these methods on tender-
ness. Cline et al. ( 1930) compared beef ribs roasted rare at 230, 25 7, 
325, 375, 424, and 500 F. They found that the low oven temperature roasts 
were more tender than those roasted at the high oven temperatures. 
Cover (1937) also found that the low oven temperatures resulted in more 
tender roasts. 
Cover (1937) and Lowe (1955) point out that it is the length of 
the cooking time rather than the oven temperature which determines the 
tenderness. In further support of this Cover (194la and 1941b) showed 
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that rate of heat penetration rather than oven temperature is involved in 
the tenderizing. In one experiment she increased the rate of heat pene -
tration by the use of heavy metal skewers and found that the paired roasts 
which took longer to cook were the most tender. In the other experiment 
she increased the . rate of heat penetration by cooking the meat in water 
at 90 C. These roasts took three hours to cook as compared with 23 
hours for the dry-roasted paired cuts at the same temperature. The 23 
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hour roasts were rated far more tender by the taste panel and the mechanical 
shearing device. 
The studies of Cover (1943) and Bramblett et al. (1959) show that 
long cooking times at low temperature yield tender beef. In Cover's 
(1943) study on the tendering effect of extremely low temperature, she 
states that since the moisture loss in the roasts cooked at the low oven 
temperature of 80 C is moderate, that the water of hydration is probably 
used in the conversion of collagen to gelatin. 
Bramblett et al. (1959) feel that the tenderness _is determined by 
the length of time in which the meat is in the temperature range of 57 C 
to 60 C. They concluded this from the experiment with beef muscles 
cooked at 63 and 68 C to internal temperatures of 60 and 65 C, respectively. 
The meat cooked at 63 C was the most tender and was in the temperature 
9 
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range of 57 to 60 C for an average of 18 hours, while the meat cooked at 
68 C averaged 10 hours in the same temperature range. 
In summarizing the studies on the relation of low oven temperature 
to tenderness Hunt et al. (1963) found no significant variation in the tend er-
ness of beef cuts roasted at 275 and those roasted at 375 F. 
Griswold (1962) states that the internal temperature is another 
factor which affects tenderness. The general classification for degrees 
of doneness is rare, medium and well-done (140, 160 , and 170 F, respect-
ively). Tender cuts of meat are more tender when cooked rare rather 
than well-done. The less tender cuts are usually more tender when cooked 
well-done because of the gelatinization of the collagen. If the loin is cooked 
to a well - done stage the muscle fibers will be tough and stringly because of 
the small amount of connective tissue to hold them together. But if cooked 
to the rare stage, the muscle fibers will be soft. The muscle fibers of 
the round contain more connective tissue and are softened when cooked 
well-done, Griswold (1962). 
Sanderson and Vail (1963) cooked longissimus dorsi, semimem-
branosus and semi tendinosus muscles to three internal temperatures: 
140, 158, and 170 F. They found that the longissimus dorsi was tender 
at 140 F and that the temperature increase did not affect the tenderness. 
The other two muscles were tough at 140 F but were progressively more 
tender with the increase in temperature. They pointed out that the amount 
of connective tissue is the chief factor involved . Cover, Ritchey, and 
Hostetler' s ( 1962) results were similar. 
Machlik and Draudt (1963) in studying the effe ct of internal 
temperature on the semintendinosus muscle, found that during the 
process of cooking, hardening of the muscle fibers affect the tend er-
ness. Their report showed that below 50 C little change in tenderness 
took place and between 50 and 60 C the tenderness increased, due to the 
shrinkage of the collagen. They attributed the decrease in tenderness 
between 60 and 70 C to the hardening of the muscle fibers and the 
increase in tenderness above 70 C to the conversion of collagen into 
gelatin. 
Aldrich and Lowe ( 1954) found that muscles from the beef round 
increased in tenderness upon cooking an additional hour after they had 
reached 90 C. 
Griswold ( 1962) states that connective tissue contain two 
proteins: collagen and elastin. They become shorter and thicker upon 
heating which accounts for the plump appearance of some cooked roasts. 
Collagen is present in larger amounts than elastin and is converted to 
gelatin more readily as the meat is heated, Winegarden et al. ( 1952). 
The amount of collagen increases with the increased muscle activity, 
Hiner, Anderson, and Fellers (1955). 
10 
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In comparing rounds roasted at 250 F, 300 F, and braised, Griswold 
( 1955 ), found no significant differences in collagen content. Other researchers, 
Lowe and Kastelic (1961) and Paul, Bean , and Bratzler (1956), found no signifi-
cant correlation between collag en and tenderness. 
Results of recent studies concerning the relat ionship between the 
degree of marbling and tenderness vary. Bowman et al. (1958) and Husaina 
et al. ( 1950) reported a significant correlation between internal fat and 
tenderness. But no significant correlation was found by Matthew s and Bennett 
(1961), Simone, Carroll, and Clegg (1958), Cover, King, and Butler (1958) , 
Cover and Hostetler (1960), Hankins and Ellis (1939), and Walter et al. (1963). 
Factors affecting juiciness and 
cooking losses of beef 
Lowe ( 1955) states that roasts cooked at 250 F or lowe r, have a 
greater weight loss than those cooked at the "optimum " roasting temperature 
(300-325 F). In Marshall, Wood, and Patton's (1960) study on top round beef 
roasts cooked at 200, 225, and 250 F,, they found that the total cooking losses 
were greater in all cases for the roasts cooked at 200 F. The evaporation and 
drip losses varied from roast to roast but the drip losses were consistently 
higher in those cooked at 250 F. This was due to the layer of fat on the top of 
the roasts, which was lost in drippings at 250 F but lost in trimming at the 
200 F temperature. 
Total losses for top rounds roasted at 275 and 375 F were 
not significantly different. Hunt, Seidler, and Wood (1963) . Nielson 
and Hall (1965) found a significant difference in total cooking losses 
of blade and rump roasts. The cooking losses were significantly higher 
for the rump roasts at both 225 and 325 F than for the blades. 
Vail and O'Neill (1937), Latzke (1930), and Lowe et al. (1952) 
agree that as the oven temperature is increased the weight losses are 
increased also. 
There is an inverse relationship between juiciness and internal 
temperature, Ritchey and Hostetler (1965) Marshall (1960) Lowe and 
Kastelic (1961), Dawson et al , (1959), and Aldrich, Jackson and Lowe 
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(1954). Ritchey and Hostetler (1965) found that between the internal 
temperatures of 61 and 68 C juiciness was not affected but as the temperature 
rose, the juiciness decreased. They contributed this to the shift from 
bound to free wamr at temperatures above 68 C . 
Juiciness may also be related to the grade of the meat. Lowe 
et al. ·(1952) found that commercial grade animals were less juicy 
than good and choice grades. In a later article, Lowe and Kastelic 
(1961) report that juiciness varies gre~tly within one animal. 
Simone, Carroll, and Chichester's (1959) panel scored choice 
cuts higher in juiciness than good cuts. But Dunsjng (1959) reported 
that her consumer household panel found no differences in juiciness 
between choice and good cuts . Hood ( 1960) also found no difference in 
good and standard grades. 
Barbella, Tannor, and Johnson (1939), Brahaman, Hankins, and 
Alexander (1936); andGaddis, Hankins, and Hinervs (1950) , studies have 
shown that lean roasts and steaks are not as juicy as th os e containing a 
higher percentage of fat. Other studies also bear this out, Hankins and 
Ellis (1949), Ramsbottom and Strandine (1948) and Wandersto ck and 
Miller (1948). Gaddis, Hankins, and Hiner (1950) point out th at if a lean 
roast is cooked to a degree of doneness which has not influ enced the 
moisture · loss it will have more press flu.id. than a high fat content roast 
because of the tendency the fat has of holding back the moisture. Fat 
adds flavor and also stimulates the flow of saliva which gives the im-
pression of juiciness. It also coats the mouth which provides a lasting 
feeling of moisture which remains throughout the chewing process . 
Studies by Walter et al. ( 1963) and Tuma et al. ( 1962) using longissimus 
dorsi muscles showed no relationship between marbling and juiciness . 
Results of research concerning the relationship of juiciness 
and tenderness appear controversial. Paul, Bean, andBratzler (1965) 
reported no relationship; Cover, Ritchey, and Hostetler (1962) found 
a negative relationship in some instances and a positive relationship 
in others. And Bowman et al. (1958) studies on broiled steaks sh.owed 
statistically significant correlation between tenderness and juiciness . 
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Factors affecting vit;amin loss in beef 
Meats cooked rare contain more thiamine than those well-done. 
High oven temperatures destroy larger percentages of thiamine than 
do moderate oven temperatures, Griswold (1962). In Cover et al. (1949) 
research on vitamin B retention in boneless cuts from round and rib of 
beef, and from loin and ham of pork results indicated that a moderate 
oven temperature ( 300 F) resulted in significantly higher retention of 
thiamine, pantothenic acid, niacin, and riboflavin than a high oven temper -
ature (450 F). Four ounces of pork with its gravy (raw weight basis) may 
supply 60 percent of the daily recommended allowance for thiamine if 
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cooked at 300 F and 40 percent if cooked at 450 F. The niacin content would 
be somewhat smaller, 31 percent and 22 percent, respectively . Cover e t al. 
( 1949) report that the thiamine and riboflavin content in one serving of beef 
is not of practical significance. However, Noble and Gomez ( 1960) reported 
that an average serving of top round would supply 4 percent of the recommended 
daily allowance of thiamine and 9 percent of the riboflavin. An average serving 
of ribs would supply 2 percent of the thiamine and almost 7 percent of the ribo-
flavin. Average servings of rump and tenderloin would supply more ribo-
flavin (10 percent) and 4 and 5 percent thiamine, respectively. Ground beef 
loaf contains the highest amount per servings of any of the cuts mentioned: 
8 percent thiamine and 11 percent riboflavin. 
Cover et al. (1949) did stat.e that the niacin content is significant; 
if cooked at 300 F one serving would supply 34 percent as compared with 
15 
2 7 percent at 450 F. Since the requirement for pantothenic acid has not been 
established, its loss by cooking has no real significance, Cover et al. (1949). 
Two factors which contributed to the higher losses (of the B 
vitamins) besides oven temperature were the higher internal temperature 
and the charred, unusable drippings. Figures for thiamine and riboflavin 
retention reported by Mayfield and Hedrick (1949) are in agreement with 
Cover's. 
Noble and Gomez (1960) found no significant differences in thiamine 
· and riboflavin content of paired rib roasts cooked at 300 and 350 F. Their 
data also indicated 5 and 8 percent of thiamine and riboflavin, respectively, 
dissolved in the drippings which is a much smaller amount of riboflavin 
than reported by Cover et al. ( 1949 ). They reported 16 percent loss in the 
drippings of the boned rib roasts cooked at 300 F. 
Cover et al. ( 1944) explain that the degree of doneness is also a 
factor in the B vitamins retention, especially thiamine because of its 
sensitivity to heat. They found that the retention of thiamine and panothenic 
acid was significantly lower in well-done roasts as compared to rare roasts. 
But the differences between the niacin and riboflavin at the two degrees of 
doneness was not significant. 
Standard procedures for roasting and judging meat 
The standard procedure set up by the National Meat Committee 
in 1942 (Anonymous) for preparation, method of cooking , recommendation 
for oven temperature, internal temperature, and judging has been used 
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as a guide for most research studies on cooked meats. The basic principles 
have not changed. Modifications of some of the steps have been recommended 
by various workers. 
Lowe et al. (1952) reported no difference in palatability scores 
of roasts due to different thawing methods, i.e. , thawing at room temper-
ature and thawing in the refrigerator. 
In the study done by Marshall, Wood and Patton (1960) on low 
temperature cooking of round beef roasts, they found that 225 F was more 
desirable than 200 F . The cooking time was only half as long at 225 F 
and the total cooking time varied less. Cover (1943) also found similar 
results. Marshall, Wood and Patton (1960) found the total dripping losses 
much higher in the roasts cooked at 200 F. 
Smith (1961) fountl that meat cooled to 140 F could be cut without 
the loss of juice that occurred if cut at a higher internal temperature . 
According to Olson et al. (1959) meat judged at room temper -
ature is rated very nearly the same as warmed samples. 
Fifteen to eighteen samples can be judged at one time without 
loosing reliability of results according to Brand and Hutchinson (1956). 
The size of the panel should be from four to twelve members (Dawson 
and Harris, 1951). 
Evaluations for tenderness and juiciness 
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Two types of taste panels are used for sensory judging: consumer -
type and the trained-laboratory type. Researchers from the Missouri 
Agricultural Experiment Station (Rhodes, Keihl, and Brady 1955 ; Rhodes 
et al. 1958a, 1958b; Kiehl et al, 1958 and Naumann et al. 1961) have 
found consumer panels effective in evaluating preferences for grades of 
beef.- Dunsing (1959) used -consumer -panels in .judging visual. and eating 
preferences for different ages and grades of beef animals. 
Dawson and Harris (1951) state that trained-laboratory type 
panels should range from four to twelve members, depending upon the 
availability and sensitivity of the panel members. If only three or 
four members are used, judging should be repeated two or three times 
during the investigation. According to Lowe (1955) four scorers is the 
minimum to use. 
Various methods of evaluation are used. Some of these are 
ranking tests, duo-trio tests, triangle tests, paired sample tests and scor-
ing tests, Lowe (1955). In addition to these tests chew-count tests are 
reliable for determining tenderness, Pearson (1963). According to Pear -
son (1963) this is ttie most objective of the sensory evlautions, that is, the 
number of chews required before the meat would normally be swallowed are 
counted. Harrington and Pearson ( 1962) found a high correlation between 
chew counts and shear values. 
Since 1957 Cover and co-workers have been working on deter-
mining components of tenderness. In 1962 they divided tenderness into 
six separate components: tenderness of connective tissue, juiciness, 
softness to tooth pressure, softness to tongue pressure, softness to tongue 
and cheek, ease of fragmentation and adhesion, and mealiness. They 
indicated in their conclusions that juiciness was not correlated with any of 
the six components of tenderness. 
Of all the mechanical methods available for measuring tender-
ness, the Warner-Bratzler shear and the L. E. E. Kramer shear press 
are the most widely used. Burrill, Deethardt, and Saffle (1962), Batcher 
et al. ( 1962), and Rodgers, Baldwin, rand Mangel ( 1963b) in comparing the 
results of both Warner-Bratzler shear and L. E. E. Kramer shear found 
a positive correlation between the results of the two. 
However, the correlation between panel scores and shear values 
are varied. Burrill, Deethardt, and Saffle ( 1962) and Rodgers, Baldwin, 
and Mangel (1963b) found a highly significant difference in L. E. E. Kramer 
shear and panel scores. Burrill, Deethardt, and Saffle ( 1962 ), Cover, 
Hostetler, and Ritchey ( 1962), Fielder et al. ( 1963), and Kul wich, Decker, 
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and Alsmeyer (1963) reported negative correlations betwe en the Warner -
Bratzler shear and panel scores. Negative correlations were also re -
ported by Bratzler and Srr1ith (1963) for scores on beef rounds and short: -
loins, and lamb loins but there was a positive correlation for beef ribs . 
Rodgers, Mangel and Baldwin (1963a) found in their study of top 
round roasts that the Warner- Bratzler shear values show d differences 
in grades of meat, whereas the panel scores did not. 
The Carver press and other hydraulic pr ss s are used for 
determining press fluid. Gaddis, Hankins and Hiner (1950) found that 
the amount of press fluid was not significantly related to the quantity 
of juice because of the role of the fat in coating the mouth and stimulat -
ing the salivary glands. 
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METHOD OF PROCEDURE 
History ofanimals 
The 84 roasts used in this study were obtained from the Animal 
Science Department at Utah State University. Four roasts were used from 
each of the experimental animals. :( The first fourteen roasts cooked were 
used for a preliminary study and are not included in the data. ) The animals 
were divided into four groups according to the Hereford sires from which 
they were bred (Table 1). The sire number in Table 1 follows ·the method 
of numbering or coding used in the Animal Science Department at Utah State 
University. 
The nine animals in group 1 were all Hereford and were graded 
choice. Two of them were 20 months old and the remaining seven were 
15 months old. 
In group 2 the two Hereford animals were graded good and choice 
and were 20 and 19 months old, respectively. The remaining six animals 
were Hereford-Shorthorn crosses and were all graded choice with the 
exception of one good. One was 14 months old and the rest were 15 months 
old. 
The two animals in group 3 were Hereford-Shorthorn crosses. They 
were graded choice and were 13 and 14 months old. Group 4 consisted of one 
Hereford which was 19 months old and was graded choice. 
Table 1. Background of animals 
Sire Animal Sire Carcass Age Slaughter 
number number group Carcass breed grade (months) Date 1965 
N19 17 1 Hereford Choice 20 Nov. 16 
N19 33 1 Hereford Choice 20 Nov. 16 
N19 59 1 Hereford Choice 15 June 16 
N19 61 1 Hereford Choice 15 June 16 
N19 70 1 Hereford Choice 15 June 16 
N19 75 1 Hereford Choice 15 June 16 
N19 81 1 Hereford Choice 15 June 16 
N19 84 1 Hereford Choice 15 June 16 
N1 9 214 1 Hereford Choice 15 June 16 
M105 13 2 Hereford Good 20 Nov. 16 
M105 41 2 Hereford Choice 19 Nov. 16 
M105 557 2 Hereford-Shorthorn Choice 15 J une 16 
M105 562 2 Hereford-Shorthorn Choice 15 J une 16 
M105 662 2 Hereford-Shorthorn Good 15 June 16 
M105 619 2 Hereford-Shorthorn Choice 15 June 16 
Ml.05 646 2 Hereford-Shorthorn Choi ce 15 J une 16 
M105 651 2 Hereford-Shorthorn Choice 14 J une 16 
N127 663 3 Hereford-Shorthorn Choice 13 J une 16 
N127 656 3 Hereford-Shorthorn Choice 14 J une 16 
Colo. 2 143 4 Hereford Choice 19 Nov. 16 
N> 
..... 
The feeding ration was the same for all animals . The ration con -
sited of hay (alfalfa grass) and a grain mixture (Tabl 2). The hay made 
up one-third of the total ration ~ and the grain mixture the remaining two -
thirds. The animals were full - fed being permitted to eat all they wanted. 
Water was available at all times. Additional salt and a mixture of di-
e alcium phosphate and salt were available, ad libi .tum. 
Animals were slaughtered at a local abattoir June 16 1 1965 and 
November 16, 1965 (Table 1). 
All of the carcasses were aged for seven days after slaughter at 
33-34 F . They were then cut and placed in large heavy polyethylene bags. 
They were quick - frozen at - 10 F for 24 hours and then stored at 
O F until the experimental work was done on them. The first lot was 
cooked and judged after 4 to 7 weeks and the second after 4 to 5 weeks 
storage. 
The four cuts used in this experiment were two adjacent standing 
rib. roasts and two adjacent chuc.k roasts. They were taken from the left 
half of the animal. Throughout this experiment the roasts will be referi;ed 
to as numbers l, 2, 3, and 4: the number 1 roast included the ninth 7 tenth , 
eleventh, and twelfth ribs; the number 2 roasts, the sixth, seventh and 
eighth ribs; the number 3 .and 4 roasts were taken from the round bone 
area of the forearm (Table 3). The number 4 roasts were taken from the 
upper part of the forearm and the number 3 roasts from the lower part 
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Table 2. Concentrate grai.n mixture 
Constituents Per cent 
Barley 31 
Oats 22 
Corn 16 
Dried molasses beet pulp 22 
Cottonseed. meal 8 
Salt 1 
Total 100 
Table 3. Experimental design for cutting and cooking roasts 
,.... 
Roast number Location Oven temperature Internal temperatur e 
1 9-10-ll-12th ribs 325 165 
2 6-7-Sth ribs 225 165 
3 Lower forearm roast 325 and 225 165 
4 Upper forearm roasts 325 and 225 165 
Note: Refer to Table 4 for exact cooking temperature of number 3 and number 4 roasts 
N) 
~ 
of the forearm (Figure 1). Cuts from this area are referred to as round-
bone roasts, fore-arm cut pot roasts, or forearm chuck pot roasts. 
These roasts will be referred to as chuck roasts throughout the paper. 
The average weights of the roasts were as follows: the number 1 roasts, 
eight pounds; the number 2 roasts, eight pounds; the number 3 roasts, 
six pounds; and the number 4 roasts, 6 1/2 pounds. 
The number 1 roasts served as the roasts for evaluation of the 
tenderness of the meat in the study of the Animal Science Department and 
as the control roasts in this study. 
Selection of oven temperature and internal temperature 
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As the tender and less tender cuts of beef were to be roasted at 
moderate and low temperatures, four of the experimental roasts were used 
in a preliminary study to determine the exact oven temperature and in-
ternal temperature to use. A difference of 100 F between the medium 
or standard oven temperature for dry roasting tender cuts of meat and the 
low oven temperature was chosen with 325 F and 225 F for the moderate 
and low oven temperatures. 
To select a constant internal tempera tu.re for the roasts, since 
the oven temperature was the variable four roasts were cooked to internal 
temperatures of 160 F and 1 70 F at the two experimental oven temperatures: 
225 and 325 F. As neither of these temperatures gave the desired degree of 
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Figure 1. Diagram of carcass showing location of cuts used 
doneness (160 F roasts did not appear to be done well enough and 170 
F roasts were too dry) an internal temperature of 165 F was selected. 
Preparation for roasting 
Roasts were thawed in the polyethylene bag covers, at room 
temperature. The average thawing time for the standing rib roasts was 
eight hours and for the chuck roasts was five hours . In prepar at ion for 
roasting, the meat was unwrapped and wiped with a damp cloth. The 
meat and pans were weighed separately on a Toledo gram scales. 
The standing rib roast was placed in the pan, fat and flesh side 
up, with the cliihe "bone and rib ends in contact with the pan . Racks were 
necessary in order to keep the chuck roasts above the drippings and to 
allow air to circulate on all surfaces of the roast. The weight of the 
rack and pan was recorded as one weight. Pan and meat were weighed 
and the weight was recorded. Then, .the thermometer was ·inserted into 
the standing rib roast so that the bulb of the thermometer was in the 
center of the eye muscle, i.e. ,- parallel with the pan so that the bulk 
of the thermometer was in the fleshy part of the meat. All the roasts 
were cooked without salt or seasoning. 
The experimental design used in cooking the roasts is sh:own 
in Table 4. The number 1 roasts were cooked in a 325 F oven to an 
internal temperature of 165 F. The number 2 roasts were cooked to an 
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Table 4 . Experimental des ign for cooking roasts number 2, 31 and 4 
Oven 
Day t mper ature Exp rimental des igna 
)_ :325 G1R3 G2R4 G1R4 G2R3 
2 325 G1R4 G2R3 G1R3 G2R4 
3 325 G3R3 G2R4 G1R4 G2R3 
4 325 G1R4 G2R3 G1R3 G3R4 
5 225 G1R2 T2R2 G1R3 GzR4 
6 225 G1R2 G2R2 G1R4 GzR3 
7 225 G1R4 2R3 G1R2 GzR2 
8 225 G1R3 G2R4 G3R2 G2R2 
9 225 G1R2 G3R2 G1R3 G2R4 
10 225 G2R2 G1R2 G1R4 G3R3 
11 225 G1R4 G2R3 G1R2 G2R2 
12 225 G1R3 G3R4 G1R2 G2R2 
aG indicates the group used 
R indicates the number of the roasts 
internal temperature of 165 F at an oven temperature of 225 F. Allotment 
of chuck roasts to the two oven temperatures for roasting was determined 
by random selection (Table 4). The chuck roasts were cooked to 165 F 
internal temperature, at both oven temperatures (Table 3) 
When the roasts reached 165 F, the meat pan and drippings were 
weighed together and then separately. The weight of the pan and drippings 
was recorded separately in order that the dripping losses in the oven 
could be calculated. The meat was removed to a clean weighed platter 
and allowed to cool to 140 F before the final weights were taken. The 
cooled meat, platter and drippings accumulated in the platter were 
weighed together and the platter and drippings were also weighed 
separately and this weight was recorded so that the total cooking losses 
could be determined. 
Objective measurements 
Tenderness values were determined by the Warner-Bratzler 
shear. Cores of meat one inch in diameter were cut parallel to the fibers 
in three different places and sheared on the Warner- Bratzler shear. 
The average of the three scores was used in the final analysis. 
Juiciness was measured by the amount of press fluid extracted 
from 75 grams of cooked lean meat which had been cut into small pieces 
and held under 3000 pounds pressure for five minutes. The press fluid 
was collected in a graduate cylinder and the total press fluid volume was 
read to the nearest 0. 1 ml. 
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Sensory evaluations 
After the meat had cooled to 140 F and the final weights had been 
taken, the outside of the roast was trimmed off to avoid any flavors due 
to browning and the samples were cut for the judges . Each sample was 
wrapped separately in aluminum foil and judged at room temperature . 
Each panel member judged two samples from each roast. These 
two samples were taken from two different muscles in the roast. Each 
judge was assigned a specific section from the muscle, in order that he 
would be judging the same section of the muscle on each roast throughout 
the · experiment; Four to six roasts (eight to twelve samples) . were .judged 
at one time . 
The panel consisted of eight trained judges, six women and two men . 
The women were from the Food and Nutrition Department and the men were 
from the Animal Science Department. The hedonic scale (Appendix sheet 1) 
was used by the judges in evaluating tenderness, juiciness, and flavor and 
acceptability. The scores of the judges ranked from nine to one indicating 
the degree of the characteristic; nine being extremely tender, extremely 
juicy and like extremely (Peryam and Garardot, 1952). 
\ 
RESULTS AND DISCUSSION 
Standing rib roasts 
Objective measurements and cooking losses. Mean values for tender-
ness measured by the Warner- Bratzler shear were not significantly different 
for any of the variables, i.e., genetic group, temperature, or group X temper-
ature (Table 5). 
Results for press fluid showed: no significant difference between genetic 
grouping; genetic group X temperature interaction; and the oven temperatures. 
Roasts from the 325 F oven wer~ ~lightly :more juicy than the roasts cooked at 
. . . . . ' . . . . . . 
225 F (4. 9 vs. 3. 4 ml.). 
The percentages of evaporation did not show significant differences. 
The percentage scores between groups were no greater than between animals 
within groups. 
The difference in the percent of drip loss between genetic groups was 
not significant; 8. 3, 7. 6, 8. 8, and 8. 0 percent. Figure 2 shows that the percent 
drip loss was greater in the 325 F oven than in the 225 F oven (11. 4 vs. 4. 2). The 
high oven temperature rendered a greater percentage of the fat, consequently fat 
content in the drippings from the roasts cooked at 325 F was much greater than 
from those cooked at 225 F. Due to this greater amount of rendering, the layer 
of fat on the top of the standing rib roasts cooked at the higher oven temperature 
was slightly brown and crisp and more desirable for eating. The layer of fat on 
the roasts cooked at the lower oven temperature had a harder exterior surface 
Table 5. Analysis of variance for standing rib roasts due to group, te_mperature and group X temperature interaction 
Degrees Mean squares 
Source of of Flavor and 
variation freedom Tenderness Juiciness acceptability Shear test Press fluid Evaporation 
Genetic 
group 3 
Temper"". 
ature 1 
Group X 
temperE-
ature 3 
Error 29 
Total 36 
Coefficient 
of vari-
atio'na . 
0. 1416 
0.8847 
0.8441 
0.3239 
7. 5 % 
lbs. 
1.5296 0.6703** J:.0407 
3. 1785 0.5370 1. 4244 
0.2994 0.0362 1. 0098 
0.5474 0. 1436 5.3122 
11. 6 % 5.1 % 17. 9 % 
acoefficient of variation was calculated from adjusted means 
*Significant at 5 percent probability 
**Significant at 1 percent probability 
ml. % 
7.5095 10.9733 
10.5285 0.0197 
5.3928 1. 9519 
4.3140 5.4114 
49. 2 % 13.9 % 
Cooking losses 
Drip Total 
% % 
1. 5486 10.3157 
263.2127** 258.6737** 
0.9406 4.6124 
2.0536 5.3003 
17. 9 % 9. 2 % 
c.:i 
I:.....:> 
Table 6. Mean data for panel scores, objective measurements and cooking losses for standing rib roasts 
Panel Scoresa 
Tenderness Juiciness Flavor and Shear Press Cooking loss 
acQeutability testb fl11idc Evan. Drin ___ Total 
Genetic Group lbs. ml. % % % 
Group 1 7.5 6.4 7.5 11. 7 4.3 17.6 8.3 25.9 
Group 2 7.7 6.5 7.6 12.1 3.9 16. 1 7.6 23.7 
Group 3 7.8 6.5 7.3 12.2 3.4 15.7 8.8 24.5 
Group 4 7.3 4.9 6.5 10.9 7.3 19.0 8.0 27.0 
Oven temperature 
325 F 7.5 6.9 7. 2 11. 6 4.9 16.5 11. 4 27.9 
225 F 7.7 5.9 7.2 12.3 3.4 17.1 4.2 21. 3 
Genetic Group X Temperatured 
Group 1 Temperature 1 7.3 6.8 7.6 11. 4 4.3 17.4 11. 2 28. 6 
Group 1 Temperature 2 7.7 5.9 7.3 12. 1 4.2 17 . 8 4.0 21. 8 
Group 2 Temperature 1 7.7 7.0 7.8 11. 9 5.4 15.4 11. 0 26. 4 
Group 2 Temperature 2 7.7 5.9 7.3 12.4 2.5 16.8 4.2 21. 0 
Group 3 Temperature 1 8.0 6.5 7.6 11. 2 4.0 15.5 13.0 28 .5 
Group 3 Temperature 2 7.3 6.4 7. 1 13.1 2.8 16.0 4.5 20 . 5 
Group 4 Temperature 1 6.3 5.5 6.6 11. 4 8.2 20.0 12. 0 32.0 
Group 4 Temperature 2 8.3 4.3 6.4 10.5 6.4 18.0 4.0 22.0 
aHigh score of 9 indicates most desirable 
bLow reading in pounds indicates more tenderness 
cHigh reading in millileters indicates more juiciness 
dTemperature 1 = 325 F 
Temperature 2 = 225 F c..., c..., 
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and had a larger quantity of semi-rendered fat between this hard exterior and the 
meat. This fat was that fat which appeared in the drip loss at the high oven 
temperature. 
Analysis of variance (Table 5) showed that total cooking losses were 
affected significantly at the 1 percent level by oven temperature (Table 6). As 
shown in Figure 2 the total cooking losses in the 325 F oven were greater (P 
< . 01) than in the 225 F oven , 27. 9 vs. 21. 3 percent. 
Sensory evaluations. Results of the taste panel scores for standing rib 
roasts cooked at two different temperatures are shown in Tables 5 and 6 and 
Appendix Table 12. Tenderness scores for the four genetic groups were similar. 
Group four scored the least tender but did not prove to be significantly different. 
Standing rib roasts were slightly more tender when the roasts were cooked at 
225 F, with a panel score of 7. 7 as compared to 7. 5 for the roasts cooked at 
325 F. 
Mean values for juiciness scores between genetic group, temperature , 
and genetic group X t.emperature were not significantly different. 
Scores for flavor and acceptability were significantly different between 
groups at the 1 percent level. They ranged from 6. 5 in group 4 to 7. 6 in group 
2. Group 4 had the lowest mean values for tenderness, juiciness, and flavor and 
acceptability. This may be attributed to the genetic background of the animals 
or the small number of animals and, therefore, roasts used in this group. 
Appendix Table 11 shows the number of roasts in each group were two in group 
4, four in group 3, 16 in group 2, and 15 in gToup 1. 
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Figure 2. Effect of oven temperature on cooking losses of standing rib roasts 
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Table 7. Adjusted means for panel scores, objective measurements, and 
cooking losses for standing rib roasts 
Genetic group 
1 2 3 4 Temperature 
·Panel ScoreSl 
Tenderness 7.3697 7.6988 8.0363 6.3364 7.3603 
7.7363 7.7488 7.3863 8.3362 7.8019 
--·- -- - · 
.. 
-
. . - . -
Mean 7.5530 7. 7238 7.7113 7.3363 7.5811 
Juiciness 7.1740 7.3796 6.8797 5.8300 6.8158 
6.2632 6. 2424 6.7797 4.6300 5.9788 
Mean 6.7186 6.8110 6.8297 5.2300 8.3973 
Flavor and 
ac ce2tability 7.7828 8.0022 6.9773 6. 8274 7.6099 
7.5435 7.5648 7.3274 6.6274 7.2659 
Mean 7.6634 7.7835 7.5773 6. 7274 7. 4379 
Objective Measurements 
Shear testb 12.5617 13.0276 12. 3284 12.5291 12.6117 
13.2783 13.5040 14.2782 11. 6279 13.1 721 
Mean 12.9200 13.2658 13.3033 12.0785 12. 8919 
Press fluidc 3.7793 4.9180 · 3. 5181 7.6678 4.9708 
3.6847 1. 9182 2.3181 5.8678 3.4472 
Mean 3.7320 3.4181 2.9181 6.7678 4.2090 
Cooki!]g Losses 
Eva2oration 17.1426 15.0732 15. 1982 19.6980 16.7780 
17.5308 16.4476 15. 6976 17.6976 16. 8434 
Mean 17.3369 15.7606 15. 4481 18.6980 16.8109 
Dri2 11. 2798 11. 0576 13. 0574 12. 0576 11. 8631 
4.0576 4.3076 4.5576 4.0576 4.2451 
Mean 7.6687 7.6826 8.8075 8. 0576 8.0541 
Total cooking 
losses 28.4222 26.1306 28.2555 31. 7553 28.6409 
20.0264 20.7556 20.2557 21. 7555 21. 0889 
Mean 25.0055 23.4431 24.2556 26.7554 24.8649 
aHigh score of 9 indicates most desirable 
b Low reading in pounds indicates more tenderness 
cHigh reading in milliliters indicates more juiciness 
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The temperature and genetic group X temperature interaction mean 
scores were not significantly different for flavor and acceptability. 
Adjusted means. Because the groups were disproportionate in 
number, deviation effects (Table 14) and adjusted means (Table 7) were 
calculated. These adjusted means varied in a similar manner to the original 
means of the groups with their disproportionate number as shown in Table 6. 
The adjusted means for juiciness of genetic group 4 would be low, 5. 2 as com-
pared with 6. 7 to 6. 8 for the other three groups. They would also be lowest for 
flavor and acceptability, 6. 7 as compared with 7. 7 to 7. 5 for the other three 
groups. 
The adjusted means for press fluid vary considerably; group 1, 3. 7; 
group 2, 3 . 4; group 3, 2 . 9; and group 4, 6. 8; with group 4 being high as it was 
in Table 6. 
The differences i.n adjusted means due to temperature were greatest 
for evaporation and total cooking losses in the roasts cooked at the higher oven 
temperature. Original means also showed total cooking losses to be greater 
in the 325 F oven. 
Correlation. Tabl e 8 shows that the correlation between panel 
scores for tenderness and flavor and acceptability was positive, r = . 66, i.e. , 
as the tenderness increased the flavor and acceptability increased. 
The correlation of-. 36 between the flavor and acceptability and shear 
test indicates that as the tenderness decrease@ the flavor and acceptability 
decreased . There was some relationship between juiciness and flavor and 
acceptability, r = . 42. 
Table 8. Correlation coefficients for panel scores, objective measurements, and cooking losses on standing rib roasts 
Correlation coefficients 
Factor 
Tenderness 
Juiciness 
Flavor and -
acceptability 
Shear test 
Press fluid 
Evaporation 
Drip 
Panel scoresa 
Tenderness Juiciness 
. 13 
aHigh score of 9 indicates most desirable 
Flavor and 
acceptability 
. 66 
.42 
b Low reading in pounds indicates more tenderness 
cHigh reading in milliliters indicates more juiciness 
Shear test 
lbs. 
-.75 
. 14 
-.36 
Cooking losses 
b Press fluids c Evaporation Drip 
ml. % % 
. 03 -.03 .27 
. 12 -.61 . 06 
. 11 -. 16 . 09 
. 10 . 18 -.23 
. 18 -.23 
-.24 
Total 
% 
. 12 
- .57 
-. 11 
. 11 
. 11 
. 59 
. 29 
<:..:> 
00 
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Since the meat was increasingly more tender with a higher panel score 
and increasingly more tough with a high shear force value, the correlation , r = 
- . 75, indicates a positive relationship between the two types of evaluation . That 
is, both the panel judges and the Warner- Bratzler shear were judging the same 
roast more tender or other roasts increasingly less tender (even though the 
samples were not always identical). Such correlations showed up , to a less er 
extent, between the flavor and acceptability and shear force values , r = - . 36 , 
for the same reason. 
There was a negative correlation between the panel scores for juiciness 
and the evaporation loss or total cooking losses, r = -. 61 and -. 57, respectively . 
This indicates that as the evaporation loss increased the juiciness decreased . A 
positive relationship was shown between evaporation and total cooking losses, 
r = • 59. 
Other r values were . 29 or below. 
Chuck roasts 
Objective measurements and cooking losses. The results of the analysis 
of variance for chuck roasts are shown in Table 9 and the mean values are shown 
in Table 10. 
Shear tests on the chuck roasts indicated no significant difference in 
tenderness due to roast, that is, between adjacent roasts from the left forearm. 
The use of the low temperature oven (225 F) resulted in more tender 
roasts than when the oven temperature was 325 F, shear values were 11. 9 
pounds vs. 16. 8 pounds for the 225 and 325 F ovens (Table 10 and Figure 3). 
This difference was significant at the 1 percent level. 
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Figure 3. Effect of oven temperature on tenderness of chuck roasts as 
measured by the Warner Bratzler shear 
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Table 9. Analysis of variance for chuck roasts due to roast, temperature, roast X temperature interaction 
Panel scores 
Degrees 
Source of of 
variation freedom Tenderness 
Roast 1 0.3688 
Temperature 1 17.9197** 
Roast X 
· temperature 1 0.3112 
Error 26 0.3744 
Total 33 
*Significant at 5 percent probability 
**Significant at 1 percent probability 
Juiciness 
1. 2657 
25.5306** 
0.8624 
0.4525 
Flavor 
and 
accept-
ability 
0.0022 
0.5458 
0.1850 
0.2815 
Mean sguares 
Cooking losses 
Shear test Press fluid Evaporation Drip Total 
lbs. ml. % % % 
12.8624 27. 1151** 11. 4425 15.9778 0.3777 
' 
173. 9951** " 55.0503** 499.4395** 23.2342* 307.2293** 
4.9331 24.8813** 8.9395 0.6383 4.8004 
4.0697 1. 2889 10.2851 5.3419 7.5403 
~ 
~ 
Table 10. Mean data for panel scores , objective measurements, and cooking losses for chuck roast s 
Panel scoresa 
Tenderness Juiciness 
Roast 
Roast number 3 5.5 5. 6 
Roast number 4 6.3 4.8 
Tem2erature 
325 F 5. 7 6.5 
225 F 6.6 4.1 
Roast X Tem2eratured 
Roast 3 Temperature 1 4.8 6.7 
Roast 3 Temperature 2 6.4 4.3 
Roast 4 Temperature 1 5.5 6.4 
Roast 4 Temperature 2 6.8 3.9 
aHigh scores of 9 in~icates most desirable 
bLow reading in pounds indicates more tenderness 
cHigh reading in milliltters indicates more juiciness 
Flavor and 
acceptabili ty 
6. 3 
6. 3 
6. 6 
6. 0 
6. 4 
6. 2 
6.9 
5.9 
Shear Press Cooking losses 
testb fluidc Evaporation Drip 
lbs. ml. % % 
14. 1 4.1 21. 5 5. 4 
14.9 1. 7 20. 5 7. 1 
16.8 4 . 8 14. 8 7.3 
11. 9 1.7 25.7 5. 4 
16. 4 6.5 16. 2 6.6 
11. 5 1. 3 27...,5 4 . 1 
17. 8 2 . 5 12.7 8.5 
12.1 1. 2 25.2 6.3 
Total 
% 
26.9 
27. 6 
22. 1 
31.1 
22 . 8 
31. 6 
21. 2 
31. 5 
~ 
~ 
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Values for roasts cooked at 225 F ranged from 14. 6 to 9. 8 as compared 
with 13. 6 to 23. 2 for roasts cooked at 325 F (Appendix Table 16). This agrees 
with Nielsen and Hall's (1965) results for the blade roasts cooked at 225 F and 
325 F. 
Significant difference existed in press fluid between roasts, tempe rature, 
and roast X temperature interaction. More juice was extracted from the number 
3 roasts than the number 4 roasts. Since the mean values for the roast X temper-
ature interaction showed that the number 3 roasts cooked at 325 F were far more 
juicy than the number 4 roasts cooked at 325 F (6. 5 as compared with 2. 5), perhaps 
the number of roasts used is a factor to be considered. There were nine number 3 
roasts cooked at 325 F and six number 4 roasts cooked at 325 F (Appendi x Table 17). 
In Figure 4 it is shown that the roasts cooked at the higher oven temper-
ature were the most juicy. 
Analysis of variance showed that the percentage of evaporation loss was 
not significantly different for roasts or roast X temperature; but was significantly 
different for temperature of the ovens. Roasts cooked at 225 F had a significantly 
greater evaporation loss (P ( . 01) than those cooked at 325 F, 25. 7 percent as 
compared with 14. 8 percent. 
Drip loss due to temperature of the 01Ven was significantly higher 
(P ( . 05) for roasts cooked at 325 F which showed 7. 3 percent as compared with 
5. 4 percent for those cooked at 225 F. Drip loss due to the other variables was 
not significantly different. 
9 
8 
7 
"CS 6 ·~ ::s 
-
~ 
00 325 F 00 5 <J.) 
H 
0. 
~ 
0 
00 4 
H 
<J.) 
..µ 
·~ 
-·~ 3 
-....... 
~ 
225 F 
2 
1 
Oven temperature 
Figure 4. Effect of oven temperature on amount of press fluid extracted 
from chuck roasts 
44 
Total cooking losses for the two oven temperatures also showed a 
significant difference (see Figure 5). Total cooking losses were greatest 
at the low oven temperature, 31. 1 percent compared to 22. 1 percent. 
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These results are in agreement with those of other investigators (Marshall, 
Wood, and Patton, 1960, and Nielsen and Hall, 1965). 
Of all the variables discussed, oven temperature had the most 
significant effect upon the roasts. ~nsory evaluations showed that roasts 
cooked at 225 F were significantly more tender and less juicy at the 1 per-
cent probability than the roasts cooked at 325 F. The mean scores for 
flavor and acceptability were 6. 6 and 6. 0 favoring the higher oven temper-
ature. 
Mean values for tenderness measured by the Warner Blatzler 
shear were significantly mgne tender (P <... 01) for the roasts cooked at 
225 F. And mean values for press fluid were significantly less juicy 
(P < . 01) for the roasts cooked at the lower oven temperature. The 
percent evaporation loss was significantly higher (P< . 01) for the 
roasts cooked at 225 F and the percent drip loss was significantly lower 
(P <.. 05). The roasts cooked at 225 F had the highest total cooking 
losses (P< .01). 
Sensory evaluations. The analysis of"variance indicated no 
significant difference in tenderness between roast number 3 and roast 
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number 4. The panel judged the roasts cooked at 325 F significantly less 
tender, 5. 7, than those cooked at 225 F, 6. 6 (F igure 6). These differences 
were significant at the 1 percent level. 
The low oven temperature roasts took an average of 10 hours to 
reach an internal temperature of 165 F while the roasts cooked at the 
higher oven temperature averaged 3 hours to reach 165 F. These results 
support Cover's (1941 and 1943) and Lowe's (1955) statements that the length 
of time rather than the cooking temperature determines the tenderness of the 
meat. Cover states that collagen is hydrolyzed to gelatin after an internal 
temperature of 149· F ,is.reached if themeat is kept at this _temperature for a 
suitable length of time. Since this is an endothermic process, less heat 
will be available at the lower oven temperature and the internal temper-
ature will take longer to reach 165 F which allows hydrolysis of the collagen 
to take place. 
There was no significant difference in tenderness scores due to 
roast X temperature interaction. 
The roasts cooked at 325 F were judged significantly higher for 
juiciness than those cooked at 225 F. The scores for juiciness for the 325 
F roasts ranged from 7. 7 to 4. 9, with a mean score of 6. 5; the scores 
for the 225 F roasts ranged from 3. 0 to 6. 5 with a mean score of 4. 1 
(Figure 7). 
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The data indicated no significant difference for flavor and accepta-
bility scores due to any of the variables. 
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COMMENTS AND CONCLUSIONS 
The Warner-Bratzler shear indicated a highly significant difference 
in the chuck roasts due to oven temperature. The roasts cooked at the low 
oven temperature were more tender. Mean values for tenderness measured 
by the Warner-Bratzler shear showed that chuck roasts cooked at 225 F 
were nearly as tender, 11. 9, as standing rib roasts cooked at 325 F, 11. 6. 
The amount of press fluid extracted was , greater for both the 
standing rib roasts and chuck roasts cooked at 325 F. The press fluid 
extracted from the roasts cooked at the higher oven temperature varied in 
color from light pink to red, while that extracted from the roasts cooked 
at the lower temperature was light brown. When the meat was cut for 
judging the 325 F roasts appeared well-done . The roasts cooked at the 
lower oven temperature were very slow in reaching an internal temper-
ature of 165 F. The last two or three degrees rose at a rate of approxi-
mately 25 to 35 minutes per degree as compared with 3 to 5 minutes per 
degree for the roasts cooked at the higher oven temperature. The length 
of time involved in bringing the roasts cooked at 225 F up to an internal 
temperature of 165 F apparently affected the completeness of cooking of 
the product. Possibly, these roasts should have been removed at a lower 
inter nal temperature to be medium to medium well-done meat, and be 
co mparable to the product cooked at 325 F. 
There was a significant difference in the tot al cooking losses be-
tween the two oven tempe ratu res. There was no relationship in cooking 
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losses between the standing rib roasts and chuck ro asts at the two different 
oven temperatures. Cooking losses were greater at the high oven temperature 
for the standing rib roasts, and greater at the low oven temperature for the 
chuck roasts. Only the dr ip loss in the standing rib roasts was signifi cantly 
different but both the drip loss and evaporation loss were significantly 
di fferent in the chuck ro a sts. 
In comparing the results of the chuck roasts it seems evident that 
the length of time and the oven temperature have a direct relationship upon 
the tenderness. The chuck roast, a less tender cut of beef~ was judged 
significantly more tender at the 1 percent probability when cooked at 225 F. 
But significantly less juicy (P <:: . 01) when cooked at 225 F. Since the 
judges comments indicated that many of the roasts cooked at the low oven 
te mperature were dry, it would be recommended that the oven temperature 
be increased to 250 or 275 F for further study on low temperature , meat 
cooking. 
There was no significant difference indicated for flavor and 
acceptability between oven temperatures. 
In view of the results highly acceptable standing rib roasts could 
be prepared at either temperature, the time element would be the factor 
to consider. If it were to the advantage of the cook to roast the meat for 
eight to ten hours at a low oven temperature the roast would be as accept-
able (according to the panel scores) as if cooked at a higher oven temper -
ature for four hours. 
The chuck roasts cooked at the low oven temperature were more 
tender and less juicy than those cooked at the high oven temperature but 
equal in acceptability. If cooked at the low oven temperature it would 
take approximately 12 hours as compared with 3 hours at the high oven 
temperature. Individual preferences and the time available to the cook · 
would be the factors to consider. 
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SUMMARY 
The purpose of this study was to determine the effect of genetic 
background, oven tempet-ature and dry-roasting upon the tenderness, juici-
ness, flavor and acceptability, and cooking losses of standiqg rib roasts and 
chuck roasts. Adjacent standing rib roasts and adjacent chuck roasts were 
cooked at 325 F and 225 F to an internal temperature of 165 F. A taste 
panel scored each roast for tenderness, juiciness, and flavor and accept-
ability. The roasts were mechanically tested for tenderness by the 
Warner-Bratzler shear and for juiciness by hydraulic pressure of 3000 
pounds. In determining cooking losses, both the percent evaporation 
and the percent drip were calculated. 
Breeding 
Significant differences (P< . 01) existed for flavor and acceptability 
between genetic groups for the standing rib roasts. Group 4, which con-
tained the smallest number of roasts, had the lowest score for flavor and 
acceptability. Other factors tested indicated no significant differences be-
tween genetic groups . Findings were similar when the means were adjusted 
because of the disprop orti onate number. 
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Roasting temperature 
Tenderness as meas ur ed by the Warne r- Bratzler sh ear was 
significantly greater for the chuck ro asts cooked at the low oven temperature. 
Mean scores for press fluid were significantly higher for the 325 F roasts. 
Total cooking losses were greater in chuck roasts cooked at 225 F 
with the evaporat ion loss significantly higher and the drip loss s ignificantly 
lower for lthe roasts cooked at 225 F. 
The standing rib roasts cooked at the lower oven temperature had 
significantly less drip loss and less total cooking losses. 
Scores of the chuck r oasts for the interaction of roast X temperature 
were significantly different for press fluid. Roasts number 3 cooked at 325 
F scored highest and roasts number 4 cooked at 225 F scored lowest. 
, This study emphasizes that roasting temperature has an effect on 
less tender cuts of meat. Roasts cooked at the low oven temperature were 
judged significantly more tender and significantly less juicy by the panel than 
those cooked at the high oven temperature. Analysis of variance indicated 
no significant difference for flavor and acceptability between the two oven 
temperatures. 
Correlations for standing rib roasts showed a positive relation-
ship between panel scores for tenderness and flavor and acceptability and 
between the two methods for evaluating tenderness: the Warner~Bratzler 
shear and the panel. 
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APPENDIX 
rable 11. Individual panel scores, objective measurements, and cooking losses of standing rib roasts between 
genetic groups 
Individual panel scoresa 
Flavor 
and Cooking losses 
Animal Roast Temper- Tender- Juici- accept- Shear Press Evapo-
number number ature ness ness ability testb fluidc ration Drip 
lbs. ml. % % Genetic Group 1 
59 1 325 6.7 7.0 7.3 15.2 8.3 18 10 
61 1 325 6.2 6.9 7.2 15.4 1. 2 18 9 
70 1 325 7.7 7.3 7.8 10.7 2.1 15 13 
75 1 325 7.8 7.1 7.7 9.9 4.0 17 11 
81 1 325 7.5 7.0 7.7 12.9 2.5 17 14 
84 1 325 7.8 6.2 7.8 10.6 3.8 17 9 
214 1 325 7.5 7.0 7.7 10.4 2.8 17 12 
17 1 325 7.9 7.4 8.0 8.2 7.8 19 13 
33 1 325 6.9 5.7 6.8 9.6 6.3 19 10 
70 2 225 7.0 6.8 7.0 13.3 2.8 14 3 
75 2 225 7.6 6.9 7.2 10.6 6.9 16 4 
84 2 225 7.3 5.8 7.5 14.2 3.3 18 4 
214 2 225 7.3 6.1 7.0 14.3 3.4 18 6 
17 2 225 8.5 5.5 7.8 10.9 3.7 20 3 
33 2 225 8.5 4.5 7.4 9.6 5.2 21 4 
Average 7.5 6.4 7.5 11. 7 4.3 17.6 8.3 
Total 
% 
28 
27 
28 
28 
31 
26 
29 
32 
29 
17 
20 
22 
24 
23 
25 
25.9 
m 
C]I 
Table 11. Continued 
Individual panel scoresa 
Flavor 
and Cooking losses 
Ani ma l Roast Temper- Tender- Juici- accept- Shear Press Evapo-
number number ature ness ness ability testb fluidc ration Drip Total 
lbs . ml. % % % 
Genetic Group 2 
557 1 325 7.8 7.1 7.6 10.6 2.8 13 12 25 
562 1 325 7.6 7.0 8.0 14. 1 6.3 13 13 26 
662 1 325 6.9 5.8 7.1 14.4 4.9 18 11 29 
619 1 325 7.6 7.0 7.6 12.2 2.9 15 12 27 
646 1 325 8.4 7.8 8.5 10.8 4.4 14 10 24 
651 1 325 7.8 7.5 7.7 11.8 8.4 12 12 24 
13 1 325 8.1 6.5 7.7 9.1 6.3 18 9 27 
41 1 325 7.1 7.7 8.0 12.2 7.6 20 9 29 
557 2 225 7.8 6.5 7.3 14.4 2.6 14 4 18 
562 2 225 7.7 6.3 7.6 11. 6 1. 5 15 5 20 
662 2 225 6.5 5.9 6.7 14.7 1. 9 18 4 22 
619 2 225 7.5 5.5 6.9 14.7 0.5 17 5 22 
646 2 225 8. 1 7.0 7.8 9.6 4.2 14 4 18 
651 2 225 7.9 6.5 7.8 10.5 1. 5 15 4 19 
13 2 225 8.2 4.1 7.0 9.9 2.7 20 4 24 
41 2 225 8.0 5.5 7.6 13.6 4.7 21 4 25 
Average 7.7 6.5 7.6 12. 1 3.9 16.1 7.6 23.7 
O') 
O') 
Table 11 Continued 
Individual panel scoresa 
Flavor 
and 
Animal Roast Temper- Tender- Juici- accept-
number number ature ness ness ability 
Genetic Group 3 
663 1 325 7.4 7.0 7.5 
656 1 325 8.6 6.1 7.7 
663 2 225 7.2 6.9 7.3 
656 2 225 7.5 6.0 .6. 9 
Average 7.8 6.5 7.3 
Genetic Group 4 
143 1 325 6.3 5.5 6.6 
143 2 225 8.3 4.3 6.4 
Average 7.3 4.9 6.5 
aHigh score of 9 indicates most desirable; scores for each animal 
bLow reading in pounds indicates more tenderness 
cHigh reading in milliliters indicates more juiciness 
Shear Press 
testb fluidc 
lbs. ml. 
13.8 5.6 
8.6 2.5 
15.7 5.3 
10.6 0.4 
12.2 3.4 
11. 4 8.2 
10.5 6.4 
10.9 7.3 
Cooking losses 
Eva po-
ration Drip Total 
% % % 
16 11 27 
15 15 30 
16 4 20 
16 5 21 
15.7 8.8 24.5 
20 12 32 
18 4 22 
19. 0 8.0 27.0 
~ 
-;i 
Table 12. Individual panel scores, objective measurements, and cooking losses of standing rib roasts due to oven 
temperature 
Individual panel scores a 
Flavor 
and Cooking losses 
Sire Animal Roast Tender Juici- accept- Shear Press Evapo-
group number number ness ness ability testb fluidc ration Drip Total 
lbs. ml. % % % 
Oven temperature 325 F 2 Roast number 1 
1 59 1 6.7 7.0 7.3 15.2 8.3 18 10 28 
1 61 1 6.2 6.9 7.2 15.4 1. 2 18 9 27 
1 ·70 1 7.7 7.3 7.8 10.7 2.1 15 13 28 
1 .·75 L 7.8 7.1 7.7 ~ 9 .. 9 4.0 17 11 28 
1 81 1 7.5 7.0 7.7 12.9 2.5 17 14 31 
1 84 1 7.8 6.2 7.8 10.6 3.8 17 9 26 
I 1 214 1 7.5 7.0 7.7 10.4 2.8 17 12 29 
1 17 1 7.9 7.4 8.0 8.2 7.8 19 13 32 
1 33 1 6.9 5.7 6.8 9.6 6.3 19 10 29 
2 557 1 7.8 7.1 7.6 10.6 2.8 13 12 25 
2 562 1 7.6 7.0 8.0 14.1 6.3 13 13 26 
2 662 1 6.9 5.8 7.1 14.4 4.9 18 11 29 
2 619 1 7.6 7.0 7.6 12.2 2.9 15 12 27 
2 646 1 8.4 7.8 8.5 10.8 4.4 14 10 24 
2 651 1 7.8 7.5 7.7 11.·.8 8.4 12 12 24 
2 13 1 8.1 6.5 7.7 9.1 6.3 18 9 27 
2 41 1 7.1 7.7 8.0 12.2 7.6 20 9 29 
3 663 1 7.4 7.0 7.5 13.8 5.6 16 11 27 
3 656 1 8.6 6.1 7.7 8.6 2.5 15 15 30 ~ 
4 143 1 6.3 5.5 6.6 11. 4 8.2 20 12 32 00 
Average 7.5 6.9 7.2 11. 6 4.9 16.5 11.4 27.9 
Table 12. Continued 
Individual panel scoresa 
Flavor 
and Cooki!Yi losses 
Sire Animal Roast Tender- · Juici- accept- Shear Press Evapo-
group number number nes .s . ness ability testb fluidc ration Drip Total 
lbs. ml. % % % 
Oven temperature 225 F, Roast number 2 
1 70 2 7.0 6.8 7.0 13.3 2.8 14 3 17 
1 75 2 7.6 6.9 7.2 10.6 6 . 9 16 4 20 
1 84 2 7.3 5.8 7.5 14.2 3.3 18 4 22 
1 214 2 7.3 6.1 7.0 14.3 3.4 18 6 24 
1 17 2 . 8.5 5.5 7.8 10.'9 3.7 20 3 23 
1 33 2 8.5 4.5 7.4 9.6 5.2 21 4 _· 25 
2 557 2 7.8 6.5 7.3 14.4 2.6 14 4 18 
2 562 2 7.7 6.3 7.6 11. 6 1.5 15 5 20 
2 662 2 6.5 5.9 6.7 14. 7 1.9 18 4 22 
2 619 2 7.5 5.5 6.9 14.7 0.5 17 5 22 
2 646 2 8.1 7.0 7.8 9.6 4.2 14 4 18 
2 651 2 7.9 6.5 7.8 10.5 1.5 15 4 19 
2 13 2 8.2 4.1 7.0 9.9 2.7 20 4 24 
2 41 2 , 8.0 5.5 7.6 13.6 4.7 21 4 25 
3 663 2 7.2 6.9 7.3 15.7 5.3 16 4 20 
3 656 2 7.5 6.0 6.9 10.6 0.4 16 5 21 
4 143 2 8.3 4.3 6.4 10.5 6.4 18 4 22 
Average 7.7 5.9 7.2 12.3 3.4 17.1 4.2 21. 3 
aHigh score : of 9 indicates most desirable; scores for each animal 
bLow reading in pounds indicates more tenderness 0) 
cHigh reading in milliliters indicates more juiciness c.o 
Table 13. 
Animal 
number 
59 
61 
70 
75 
81 
84 
214 
17 
33 
Average 
70 
75 
84 
214 
17 
33 
Average 
Panel scores, objective measurements, and cooking losses of standing rib roasts due to genetic group X 
temperature interaction 
Panel scores a 
Roast Flavor and Shear Press Cooking losses 
number Tenderness Juiciness acceptability testb fluid Evaporation Drip Total 
lbs. d ml. % % % 
Genetic group 1, temperature 1 
1 6.7 7.0 7.3 15.2 8.3 18 10 28 
1 6.2 6.9 7.2 15.4 1. 2 18 9 27 
1 7.7 7.3 7. 8 10.7 2.1 15 13 28 
1 7. 8 7.1 7. 7 9.9 4.0 17 11 28 
1 7.5 7.0 7. 7 12.9 2.5 17 14 31 
1 7.8 6.2 7.8 10.6 3.8 17 9 26 
1 7.5 7.0 7. 7 10.4 2.8 17 12 29 
1 7.9 7.4 8.0 8.2 7.8 19 13 32 
1 6.9 5.7 6. 8 9.6 6.3 19 10 29 
7.3 6.8 7.6 11.4 4.3 17.4 11. 2 28.6 
Genetic group 12 temperature 2e 
2 7.0 6.8 7.0 13.3 2.8 14 3 17 
2 7.6 6.9 7.2 10.6 6.9 16 4 20 
2 7.3 5.8 7.5 14.2 3.3 18 4 22 
2 7.3 6. 1 7.0 14.3 3.4 18 6 24 
2 8.5 5.5 7. 8 10.9 3. 7 20 3 23 
2 8.5 4.5 7.4 9.6 5.2 21 4 25 
7.7 5.9 7.3 12.1 4.2 17.8 4.0 21. 8 
-:J 
0 
Table 13. Continued 
-
Panel scoresa 
Animal Roast Flavor and Shea6 
number number Tenderness Juiciness acceptability test 
lbs. 
Genetic group 2, temperature 1 
. -
557 1 7.8 7.1 7.6 10.6 
562 1 7.6 7.0 8.0 14. 1 
662 1 6.9 5.8 7.1 14.4 
619 1 7.6 7.0 7.6 12. 2 
646 1 8.4 7.8 8.5 10.8 
651 1 7.8 7.5 7.7 11. 8 
13 1 8.1 6.5 7.7 9.1 
41 1 7.1 7.7 8.0 12.2 
Average 7.7 7.0 7.8 11. 9 
Genetic ,tr_oup 2, te~erature 2 
557 2 7.8 6.5 7.3 14.4 
562 2 7.7 6.3 7.6 11. 6 
662 2 6.5 5.9 6.7 14. 7 
619 2 7.5 5.5 6.9 14.7 
646 2 8.1 7. 0 7.8 9. 6 
651 2 7.9 6.5 7.8 10.5 
13 2 8.2 4.1 7.0 9.9 
41 2 8.0 5.5 7.6 13.6 
Average 7.7 5.9 7.3 12.4 
Press 
fluidc 
ml. 
2.8 
6.3 
4.9 
2.9 
4.4 
8.4 
6.3 
7.6 
5.4 
2.6 
1. 5 
1. 9 
0.5 
4.2 
1.5 
2.7 
4.7 
2.5 
Cooking losses 
Evaporation Drip 
--
% % 
13 12 
13 13 
18 11 
15 12 
14 10 
12. 12 
18 9 
20 9 
15.4 11. 0 
14 4 
15 5 
18 4 
17 5 
14 4 
15 4 
20 4 
21 4 
16.8 4.2 
Total 
% 
25 
26 
29 
27 
24 
24 
27 
29 
26.4 
18 
20 
22 
22 
18 
19 
24 
25 
21. 0 
-::i 
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Table 13. Continued 
Panel scores a 
Animal Roast Flavor and Shear Press Cooking losses 
number number Tenderness Juiciness acceptab il ity testb fluidc Evaporation Dr ip Total 
lbs. ml. % % % 
Genetic grou2 32 tem2erature 1 
663 1 7.4 7.0 7.5 13.8 5.6 16 11 27 
656 1 8.6 6.1 7.7 8.6 2.5 15 15 30 
Average 8.0 6.5 7.6 11.2 4.0 15.5 13.0 28.5 
Genetic group 3, temperature 2 
663 2 7. 2 6 . 9 7.3 15.7 5.3 16 4 20 
656 2 7.5 6.0 6.9 10.6 0.4 16 5 21 
Average 7. 3 6.4 7.1 13.1 2.8 16.0 4.5 20.5 
Genetic grou2 4 2 temperature 1 
143 1 6.3 5.5 6.6 11.4 8.2 20 . 0 12.0 32.0 
Genetic grou2 4, tem12erature 2 
143 2 8.3 4.3 6. 4 10.5 6. 4 18.0 4.0 22.0 
--~--
aHigh score of 9 indicates most desirable 
bLow reading in pounds indicates more tenderness 
cHigh reading in milliliters indicates more juiciness 
dTemperature 1 = 325 F 
e Temperature 2 = 225 F 
-::i 
t'V 
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Table 14. Deviation effects for panel scores, objective measurements and 
cooking losses for standing rib roasts 
Genetic Group 
1 2 3 4 Temperature 
Panel Scores a 
Tenderness . 0375 . 1958 .5458 -. 7791 -.2208 
-.0375 -.1958 -.5458 . 7791 .2208 
-.0281 . 1427 . 1302 -.2448 7.5811 
Juiciness . 0369 . 1501 -.3685 . 1815 .4185 
- .0369 -.1501 . 3685 -.1815 -.4185 
. 3213 .4137 . 4324 -1. 1674 6.3973 
Flavor and 
acce2tabili ty - .0526 . 0467 . 0779 -.0720 .1720 
. 0526 -.0467 -.0779 . 0720 -. 1720 
. 2255 . 3456 . 1394 -.7105 7.4379 
Objective Measurements 
Shear test5 -. 0781 • 0420 - .. 6947 .. 7308 -. 2802 
. 0781 -.0420 . 6947 -. 7308 .2802 
Mean . 0281 . 3739 . 4114 -.8134 12.8919 
Press fluidc -.7145 . 7381 -.1618 .1382 .·7618 
. 7145 -.7381 . 1618 -.1382 -.7618 
-.4770 -.7909 -1. 2909 2.5588 4. 2090 
Cooking Losses 
Evaporation -.1614 -.6545 -.2170 1.0329 -.0329 
. 1614 . 6545 • 2170 -1. 0329 . 0329 
. 5260 -1. 0503 -1. 3628 1.8871 16.8109 
Drip -.1979 -.4340 .4409 .1910 3.8090 
. 1979 . 4340 -.4409 -:-. 1910 -3.8090 
-.3854 -.3715 . 7534 .• 0035 8. 0541 
Total cooking 
losses - .3593 -1. 0885 .2239 1. 2239 3.7760 
. 3593 1.· 0885 -.2239 -1.2239 -3.7760 
. 1406 -1.4218 -.6093 1. 8905 24.8649 
:High score of 9 indicates most desirable 
Low reading in pounds indicates more tenderness 
cHigh reading in milliliters indicates more juiciness 
Table 15. Individual pane l scores, objective measurements and cooking losses for chuck roasts 
Panel scores a 
Flavor 
and Cookin g los ses 
Sire Animal Temper- Ten der- Juici- accept- She~ Press Evapo-
group number ature ness ness ability te st fluidc ration Drip Total 
lbs . ml. % % % 
Roast number 3 
1 70 225 6.4 4.8 6.7 11. 5 0.9 27 4 31 
1 75 325 6.4 6.7 7.4 16.1 6.9 21 4 25 
1 81 225 5. 3 5. 8 6.3 11. 9 3.5 19 5 24 
1 84 325 4 . 7 6.9 6.9 18.0 4 . 1 10 13 23 
1 214 225 6.3 3.9 6.6 14.6 0. 7 32 4 36 
1 17 225 7. 5 3.6 6.2 11.4 1. 0 28 4 32 
1 33 325 4.2 6.2 5.8 16.1 5.0 18 6 24 
2 557 325 5.6 7.0 6.9 15.4 4.2 16 3 19 
2 562 325 4.6 7. 0 6.3 18.0 4.3 12 4 16 
2 662 225 6.2 3. 7 5.8 12.4 0.8 31 3 34 
2 619 225 7.3 4.0 6.5 9.8 1. 9 27 5 32 
2 646 225 5.8 3.8 5.4 9.9 o. 7 29 3 32 
2 · 13 325 3. 6 5.9 5.3 17.5 8.8 18 7 25 
2 41 325 4.0 6.8 6.2 16.7 9. 5 20 7 27 
3 663 325 6.3 7. 3 7.0 16.0 5.3 14 8 22 
3 656 225 6. 2 4 .8 6.1 10.4 0.8 27 5 32 
4 143 325 4 . 1 6.5 5.8 13.6 10.4 17 7 24 
Average 5.5 5.6 6.3 14. 1 4.1 21. 5 5.4 26.9 
-:1 
~ 
Table 15. Continued 
Panel scores a 
Flavor 
and Cooking losses 
Sire Anima l Temp er- Tender - Juici- accept- . She~ Press Evapo-
gro up number a tu.re ness ness ability test fluid 0 ration Drip Total 
lbs. ml. % % % 
Roast number 4 
1 61 225 5.9 5.4 5.6 11.4 0. 6 24 6 30 
1 70 225 5.4 3.9 5.2 13. 0 0. 4 26 7 33 
1 84 325 6.0 5.9 6.2 14.8 2.4 11 11 22 
1 2l.4 325 5.3 7.4 6.9 23.2 3. 5 8 11 19 
1 17 325 4.7 4.9 6.0 21.1 1.4 20 8 28 
1 33 225 7. 6 3.3 5.9 12.1 2.3 23 5 28 
2 557 325 5.8 7.7 7.5 17. 9 3.1 13 5 18 
2 562 325 5.1 6. 8 7.1 13.9 1. 8 11 11 22 
2 662 225 6.0 3.0 5.2 13.7 0.7 26 8 34 
2 619 225 7.5 3. 7 7.2 10.1 0.5 29 5 34 
2 646 225 6.2 3.4 5.3 3.7 0.8 27 8 35 
2 13 225 7.7 3.7 6.2 11. 0 0. 6 22 5 27 
2 41 225 7.3 4.5 6.0 10.6 1. 7 24 7 31 
3 663 225 7.0 4.0 6.0 14.4 1. 1 27 6 33 
3 656 325 6.1 5.8 7.7 15.8 2.9 13 5 18 
4 143 225 7.1 4.2 6.8 11.9 1. 2 24 6 30 
Average 6.3 4.8 '6 .3 14.9 l. 7 20 . 5 7. 1 27. 6 
bHigh score of 9 indicates most desirable 
Low reading in pounds indicates more tenderness 
0 High reading in mill ili ters indicates more juiciness 
~ 
c.n 
Table 16. Panel scores, objectiv e measurements and cooking losses for chuck roasts due to oven temperat ure 
Panel scores a 
Flavor Coo~king losses 
and 
Sire Animal Roast Tender- Juici- accept- She~ Press Evapo-
grOUE number number ness ness ability test fluidc ration Dri;e Total 
lbs. ml. % % % 
Oven tem;eerature 325 F 
1 75 3 6.4 6.7 7.4 16.1 6.9 21 4 25 
1 84 3 4 . 7 6.9 6.9 18. 0 4.1 10 13 23 
1 33 3 4 . 0 6.2 5.8 16.1 5.0 18 6 24 
1 557 3 5. 6 7.0 6.9 15.4 4.2 16 3 19 
2 562 3 4.6 7.0 6. 3 18. 0 4 . 3 12 4 16 
2 13 3 3.6 5.9 5.3 17.5 8.8 18 7 25 
2 41 3 4.0 6.8 6.2 16.7 9.5 20 7 27 
3 663 3 6.3 7.3 7.0 16.0 5.3 14 8 22 
4 143 3 4.1 6. 5 5.8 13.6 10.4 17 7 24 
1 84 4 6.0 5.9 6.2 14.8 2. 4 11 11 22 
1 214 4 5.3 7.4 6.9 23.2 3. 5 8 11 19 
1 17 4 4. 7 4.9 6.0 21.1 1. 4 20 8 28 
2 557 4 5.8 7. 7 7. 5 17. 9 3.1 13 5 18 
2 562 4 5. 1 6.8 7.1 13.9 - 1. 8 11 11 22 
3 656 4 6.1 5.8 7. 7 15.8 2.9 13 5 18 
Average 5. 7 6.5 6.6 16.8 4.8 14.8 7. 3 22.1 
Oven tem;eerature 225 F 
1 70 3 6. 4 4 .8 6.7 11. 5 0.9 27 4 31 
1 81 3 5.3 5.8 6.3 11. 9 3.5 19 5 24 
1 214 3 6.3 3. 9 6.6 14.6 0. 7 32 4 36 
-.;J 
~ 
Table 16. Continued 
Panel scores a 
Flavor 
and Cooking losses 
Sire Animal Roast Tender- Juici- accept- Shear Press Eva po-
group number number ness ness ability testb fluid ration Drip Total 
lbs. ml. % % % 
1 17 3 7.5 3.6 6.2 11.4 1. 0 28 4 32 
2 662 3 6.2 3. 7 5.8 12.4 0.8 31 3 34 
2 619 3 7. 3 4.0 6.5 9.8 1. 9 27 5 32 
2 646 3 5.8 3.8 5.4 9.9 0.7 29 3 32 
3 656 3 6.2 4.8 6.1 10.4 0.8 27 5 32 
4 143 3 4.1 6.5 5.8 13.6 10.4 17 7 24 
1 61 4 5.9 5.4 5.6 11.4 o. 6 24 6 30 
1 70 4 5.4 3.9 5.2 13.0 0.4 26 7 33 
1 33 4 7.6 3.3 5.9 12.1 2.3 23 5 28 
2 662 4 6.0 3.0 5.2 13. 7 0.7 26 8 34 
2 619 4 7.5 3.7 7.2 10.1 0.5 29 5 34 
2 646 4 6.2 3.4 5.3 13. 7 0.8 27 8 35 
2 13 4 7.7 3.7 6.2 11.0 0.6 22 5 27 
2 41 4 7.3 4.5 6.0 10.6 1.7 24 7 31 
3 663 4 7.0 4.0 6.0 14.4 1.1 27 6 33 
4 143 4 7. 1 4.2 6.8 11. 9 - 1.2 24 6 30 
Averag e 6.6 4.1 6.0 11. 9 1. 7 25.7 5.4 31.1 
~High score of 9 indicates most desirable 
Low reading in pounds indicates more tenderness 
0 High reading in milliliters indicates more juiciness -;J 
-;J 
Table 17. Panel scores, objective measurements and cooking losses on chuck roasts due to roast X temperature 
interaction 
Panel scores a 
Sire Animal Flavor and She~ Press Cooking losses 
group number Tendern ess Juiciness acceptability test fluid Evaporation Drip Total 
lbs. ml. % % % 
Chuck roast number 3 cooked at 325 F 
1 75 6.4 6.7 7.4 16.1 6.9 21 4 25 
1 84 4.7 6.9 6.9 18.0 4.1 10 13 23 
1 33 4.0 6.2 5.8 16.1 5.0 18 6 24 
2 557 5.6 7.0 6.9 15.4 4.2 16 3 19 
2 562 4.6 7.0 6.3 18.0 4.3 12 4 16 
2 13 3.6 5.9 5.3 17.5 8.8 18 7 25 
2 41 4.0 6.8 6.2 16.7 9.5 20 7 27 
3 663 6.3 7.3 7.0 16.0 5.3 14 8 22 
4 143 4.1 6.5 5.8 13.6 10.4 17 7 24 
Ave rage 4.8 6.7 6.4 16.4 6.5 16.2 6.6 22.8 
Chuck roast number 3 cooked at 225 F 
1 70 6.4 4,8 6.7 11. 5 0.9 27 4 31 
1 81 5.3 5.8 6.3 11. 9 3.5 19 5 24 
1 214 6.3 3.9 6.6 14.6 0.7 32 4 36 
1 17 7.5 3.6 6.2 11. 4 1. 0 28 4 32 
2 662 6.2 3. 7 5.8 12.4 0.8 31 3 34 
2 619 7.3 4.0 6.5 9.8 1. 9 27 5 32 
2 646 5.8 3.8 5.4 9.9 0.7 29 3 32 
3 656 6.2 4.8 6.1 10.4 0.8 27 5 32 
Average 6.4 4.3 6.2 11. 5 1. 3 27. 5 4.1 31. 6 
-::i 
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Table 17. Continued 
Panel scores a 
Sire Animal Flavor and She ab Press- Cooking losses 
. c group number Tenderness Juiciness acceptability test fluid Evaporation Drip Total 
lbs. ml. % % % 
Chuck roast number 4 cooked at 325 F 
1 84 6.0 5.9 6.2 14.8 2.4 11 11 22 
1 214 5.3 7. 4 6.9 23. 2 3.5 8 11 19 
1 17 4.7 4.9 6.0 21. 1 1. 4 20 8 28 
2 557 5.8 7.7 7.5 17.9 3.1 13 5 18 
2 562 5.1 6. 8 7.1 13.9 1. 8 11 11 22 
3 656 6.1 5.8 7. 7 15. 8 2.9 13 5 18 
Average 5.5 6.4 6.9 17.8 2.5 12.7 8.5 21. 2 
Chuck roast number 4 cooked at 225 F 
1 61 5.9 5.4 5.6 11. 4 0.6 24 6 30 
1 70 5.4 3.9 5.2 13.0 0.4 26 7 33 
1 33 7.6 3.3 5.9 12.1 2.3 23 5 28 
2 662 6.0 3.0 5.2 · 13. 7 0.7 26 8 34 
2 619 7.5 3.7 7. 2 · 10. 1 0.5 29 5 34 
2 646 6.2 3.4 5.3 13.7 0.8 27 8 35 
2 13 7.7 3.7 6.2 11. 0 0.6 22 5 27 
2 14 7.3 4.5 6.0 10.6 1. 7 24 7 31 
3 663 7.0 4.0 6.0 . 14. 4 1. 1 27 6 33 
4 143 7. 1 4.2 6.8 11. 9 1. 2 24 6 30 
Average 6.8 3.9 5.9 . 12. 1 1. 2 25.2 6.3 31. 5 
~High score of 9 indicates most desirable 
Low reading in pounds indicates more tenderness -.;:) 
0 High reading in milliliters indicates more juiciness 
~ 
80 
Nam Date 
Sampl e 
---
Sampl e 
---
Sample Sample 
----t-
Sample 
------
Ext.r mel y Extremely Extremely Extremely Extremely 
Juicy J'ui cy J ui cy Juicy Juicy 
Very Very Ver y Very Very 
J ui y J ui y J'uicy Juicy Juicy 
Moderate ly Moder ately Moderately Moderately Moderately 
Jui cy J ui cy Juicy Juicy Juicy 
Slightly Slightl y Slightly Slightly Slightly 
Juicy Jui cy Juicy Juicy Juicy 
Neither jui cy Neither juicy Neither juicy Neither juicy Neither juicy 
Nor dry Nor dry Nor dry Nor dry Nor dry 
Slightly Slig htly Slightly Slightly Slightly 
Dry Dry Dry Dry Dry 
Moderately Moderatel y Modera te ly Moderately Moderately 
Dry Dr y Dry Dry Dry · 
Very Very Very Very Very 
Dr y Dr y Dry Dry Dry 
Extremely Ext re mely Extremely Extremely Extremely 
Dry Dry Dry Dry Dry 
Comm ents Comments Comments Comments Comments 
Dir ect ions: Compl ete ly encircle the category which best describes your reaction 
to the sample written above the column. Then under Comments, 
give your reasons for rating the sample as you did. 
